Hippocampal place cells support spatial cognition and are thought to form the neural 2 substrate of a global 'cognitive map'. A widely held view is that parts of the hippocampus also 3 underlie the ability to separate patterns, or to provide different neural codes for distinct 4 environments. However, a number of studies have shown that in environments composed of 5 multiple, repeating compartments, place cells and other spatially modulated neurons show the 6 same activity in each local area. This repetition of firing fields may reflect pattern completion, 7
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How locations in the outside world are represented in the brain has been a topic of 25 intense research interest for almost 50 years, since the discovery of neurons in the rodent 26 hippocampus -place cells -which fire in individual places in an environment (O'Keefe and 27 Dostrovsky 1971). Following O' Keefe and Nadel's (1976) conceptualisation of the hippocampus 28 as a cognitive map, much of the ensuing work has assumed that place cells comprise a 29 representation of the entire environment in which the animal finds itself (though different 30 reference frames are possible within this map, e.g. Poucet 1993; Gothard et al. 1996; Zinyuk et 31 al. 2000 ). In the current review, we challenge this assumption of a global map in light of data 32 indicating that many spatial cells are driven by local boundaries and a directional input. These 33 influences provide an allocentric encoding of local spaces, which is only incidentally global. 34
Space is traditionally defined from two reference points. In the first, location within an 35 environment is defined using 'self-relative' directions, such as "on my left" or "20 feet in front of 36 me". This is egocentric space. In the second, locations are identified independent of the 37 observer, for "halfway between the window and the door" or "behind the chair and towards the 38 painting". This is allocentric space. In the current review we are primarily concerned with how 39 the latter is represented in the brain. 40
In humans, representations of space likely vary in terms of their scale and detail. For 41 instance, a person can recognise their location within a given room of their house, but also, 42 simultaneously, where they are within a geographical region. Thus, different types of spatial 43 representations may operate, depending on the task at hand (Burgess 2006; Ekstrom et al. 44 2014). In the present review, we restrict our consideration to allocentric space as it is 45 represented by (or as it correlates with) the firing fields of spatially tuned neurons in the rodent 46 brain. Identifying the rules by which these operate may allow us to understand the interplay 47 between location recognition and longer-range navigation. 48
Whether the mammalian brain maps space in local or global coordinates is an important 49 issue because it likely constrains spatial cognition. From this perspective, there is evidence that 50 certain types of spaces, such as repetitive local geometries, are more challenging than others 51 for wayfinding. For example, city planners are discouraged from using repetitive street designs 52 as they are considered disorienting (Rumbarger and Vitullo 2003) . This effect is embodied in the 53 repetitive streets of Brasília, which are challenging to navigate (Scott 1998 least, the latter approach has indicated a function beyond the representation of space. In the 72 ensuing discussion, however, we limit our consideration to studies focussing on the changes to 73 the animal's environment, though we acknowledge that the addition of task demands also 74 influences place cell firing correlates. 75
Within this domain, several findings suggests that when rats move between two or more 76 similar maze rooms, a given place cell produces the same field in each room. For instance, 77
Skaggs and McNaughton (1998) recorded dCA1 place cells while rats explored an environment 78 composed of two identical compartments joined by a corridor. They found that place cells often 79 showed similar firing fields in each of the two compartments ( Figure 2A ; see also Fuhs et al. 80 2005) . Thus, instead of having unique representations of each compartment, as one would 81 predict for a mapping of the entire environment, many place cells showed similar fields across 82 compartments. The lack of remapping observed between compartments suggests that place 83 from grid cells and place cells in a zigzag alleyway, or 'hairpin' maze and found that both types 95 of cell showed firing fields that repeated across alleyways facing the same direction ( Figure 2C ). 96
These fields did not repeat across alleyways that the animal entered in the opposite direction. 97
Repeating, local representations persisted regardless of the large number of alleyways (five in 98 each direction), suggesting that self-motion information, such as distance travelled, did not 99 inform the activity of these cells. The authors refer to this phenomenon as a 'fragmentation' of 100 the firing fields. place cells in the same two compartments joined end to end and connected directly by a 132 doorway ( Figure 3A ). When the compartments were connected by a corridor, place cells 133 showed the same activity in each. However, when the compartments were connected directly to 134 one another, the cells formed a different representation for each compartment. Importantly, in 135 the latter, the doorways are in different relative positions (South in one compartment, North in 136 the other), whereas in the corridor situation the doorways are in the same position for both (e.g., 137
West). 138
The results of Tanila (1999) are consistent with these findings. Tanila recorded dCA3 139 place cells in a similar apparatustwo compartments connected directly by a doorway. Similar 140 to the results with CA1 cells, 91% of the place fields in CA3 cells differed between 141 compartments. Again, as the rats actively moved between the compartments, it is likely that the 142 doorway between the two served as a distinguishing landmark. Figure 3C ). In this task, an identical 159 set of four odorised sand wells was present in each box and a different odor was rewarded in 160 each one. Thus, rats had to discriminate between the compartments to find the food efficiently. 161
In the parallel configuration, where field repetition was found, animals were significantly 162 impaired in learning compared to the group trained in the radial configuration where field 163 repetition was absent. These results suggest that local environments in which place field 164 repetition is observed are more difficult for animals to discriminate compared to those in which 165 place field repetition is not observed. Figure 4B ). Furthermore, these representations were also dependent on the direction of the 192 animal's movement. In agreement with the view of the hippocampus as a pattern separator, this field repetition was observed more in EC neurons than in hippocampal place cells. Frank et al. 194 (2000 Frank et al. 194 ( , 2001 and Singer et al. (2010) termed this field repetition 'path equivalence ' and 195 suggested that it represents encoding of the relationship between behaviour and location. In 196 support of this, the frequency of path equivalence appeared to increase as animals learned a 197 task ( Figure 4B ). To account for this, it may be speculated that in well learned tasks, spatial 198 cells also begin to reflect common elements of different paths, perhaps via inputs from regions 199 such as the retrosplenial cortex (e.g., Alexander and Nitz 2017). overall. This cell fires at a high rate when the animal is facing to the North (90°) within the 582 environment, and this is referred to as the cell's preferred firing direction. Top right: The firing 583 rate map of an mEC grid cell. This is produced using the same method as for the place cell. 584
Multiple firing fields can be observed which form a triangular or hexagonal grid that spans the 585 environment. Middle: Firing rate maps of a single subicular boundary cell recorded in three 586 different environments, a circle, a diamond, and a square, placed in the same room. Note that 587 
